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ABST RA CT 

The e f f e c t  o f  t h e  o c c u l t a t i o n  o f  t h e  c e l e s t i a l  sphere 
by  t h e  e a r t h  upon a s t r o n o m i c a l  o b s e r v a t i o n s  from e a r t h  o r b i t  
i s  i n v e s t i g a t e d  as a f u n c t i o n  of  o r b i t a l  a l t i t u d e  , o r b i t a l  
i n c l i n a t i o n ,  and v i ewing  d i r e c t i o n .  A s  t h e  v iewing  d i r e c t i o n  
approaches  t h e  o r b i t a l  p o l e s  t h e  t o t a l  p o s s i b l e  v i ewing  t i m e  
i n c r e a s e s .  Near t h e  o r b i t a l  p o l e s  t h e r e  are u n o c c u l t e d  c i r c l e s  
which move around t h e  c e l e s t i a l  s p h e r e  a t  c o n s t a n t  d e c l i n a t i o n  
as t h e  node r e g r e s s e s .  Low e a r t h  o r b i t s  o f  i n t e r m e d i a t e  i n c l i n -  
a t i o n  y i e l d  c o n t i n u o u s  viewing t i m e s  of  c e l e s t i a l  o b j e c t s  w i t h i n  
t h e s e  c i r c l e s  on t h e  o r d e r  o f  11 d a y s ,  even  though t h e  o r b i t a l  
p e r i o d  i s  on ly  93 m i n u t e s .  For an  o r b i t a l  o b s e r v a t o r y  a t  a 
g i v e n  i n c l i n a t i o n ,  t h e  o b s e r v i n g  program i s  best  d i r e c t e d  toward  
t h e  u n o c c u l t e d  zones .  Three a s t r o n o m i c a l  o b s e r v a t o r i e s  i n  low 
e a r t h  o r b i t  (450km), a t  i n c l i n a t i o n s  15", 45" and 75", c o u l d  
c o v e r  t h e  e n t i r e .  c e l e s t i a l  s p h e r e  w i t h  t h e i r  u n o c c u l t e d  c i r c l e s  
i n  about  two months. Low energy  o r b i t s  f rom Cape Kennedy o f  
450km a l t i t u d e  a t  an  i n c l i n a t i o n  of  28?5 a l l o w  good u n o c c u l t e d  
cove rage  o f  t h e  M a g e l l a n i c  Clouds and o t h e r  i n t e r e s t i n g  s o u t h e r n  
o b j e c t s .  For p ,o la r  (90") o r  e q u a t o r i a l  (0') o r b i t s  t h e  u n o c c u l t e d  
c i r c l e  a lways views t h e  same l i m i t e d  p o r t i o n  o f  t h e  s k y .  
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FROM: D. B. Wood 

I N T R O D U C T I O N  

Any program f o r  a s t r o n o m i c a l  o b s e r v a t i o n s  from e a r t h  
o r b i t  must t ake  i n t o  account  t h e  e f f e c t  o f  t h e  o c c u l t a t i o n  o f  
t h e  c e l e s t i a l  s p h e r e  by  t h e  e a r t h .  T h i s  p a p e r  shows t h a t  t h e r e  
may be a g r e a t  advan tage  i n  o b s e r v i n g  n e a r  t h e  s a t e l l i t e ' s  
o r b i t a l  p o l e s ,  where the re  i s  no  o c c u l t a t i o n .  Long a s t r o n o m i c a l  
o b s e r v a t i o n s  may be made wi thou t  b r e a k  or t h e  n e c e s s i t y  f o r  
super imposed  e x p o s u r e s .  Te le scope  p o i n t i n g  s t a b i l i t y  and i n e r t i a  
coup led  w i t h  a v a i l a b l e  r e a c t i o n  c o n t r o l  j e t  f u e l  r e q u i r e m e n t s  w i l l  
l i m i t  t e l e s c o p e  s lew r a t e s ,  so t h a t  i t  may be  i m p r a c t i c a l  t o  slew 
t o  a v o i d  e a r t h  o c c u l t a t i o n .  T h i s  l i m i t s  o b s e r v i n g  t i m e  t o  abou t  
50% i n  n e a r  ea r th  o r b i t  u n l e s s  t h e  t e l e s c o p e  i s  p o i n t e d  toward  t h e  
o r b i t a l  p o l a r  r e g i o n s .  

Assuming t h e r e  i s  no s c a t t e r e d  l i g h t  due t o  an o p t i c a l  
envi ronment  problem,  s o  t h a t  o r b i t a l  astronomy may b e  per formed 
i n  t h e  s u n l i g h t ,  t h e n  i d e a l l y  a ve ry  h i g h  or ea r th - synchronous  
t y p e  o r b i t  i s  b e s t ,  s o  t h a t  t h e  e a r t h  o c c u l t s  b u t  a small  p o r t i o n  
o f  t h e  c e l e s t i a l  s p h e r e  ( 8 ? 8  a n g u l a r  r a d i u s  a t  35800km a l t i t u d e ) .  
The a n g u l a r  d i s t a n c e  from t h e  sun  t o  which we may p o i n t  i s  
p r o b a b l y  abou t  2 0 ° ,  u s i n g  p r o p e r  b a f f l i n g  t u b e s  e x t e n d i n g  beyond 
t h e  a p e r a t u r e .  For  a n e a r - e a r t h  o r b i t ,  t h e  o c c u l t a t i o n  b y  t h e  
e a r t h  i s  t h e  m a j o r  o b s t a c l e  t o  o b s e r v a t i o n .  T h i s  p a p e r  shows 
t h a t  l o n g  o b s e r v i n g  i n t e r v a l s  are  p o s s i b l e  from n e a r - e a r t h  o r b i t s ,  
and t h a t  w i t h  a s u i t a b l y  des igned  o b s e r v i n g  program and s e v e r a l  
s a t e l l i t e  o b s e r v a t o r i e s ,  t h e  e n t i r e  c e l e s t i a l  s p h e r e  can  be 
cove red  i n  u n o c c u l t e d  f a s h i o n  s e v e r a l  t imes p e r  y e a r .  

D I S C U S S I O N  

The t o t a l  p e r i o d  of t i m e  which o b s e r v a t i o n s  may be made 
i n  any g i v e n  d i r e c t i o n  b e f o r e  o c c u l t a t i o n  depends upon t h e  o r b i t a l  
e l e m e n t s  and t h e  d i r e c t i o n  of v iewing .  It i s  assumed t h a t  any 
a s t r o n o m i c a l  o b s e r v a t i o n s  w i l l  b e  made from a c i r c u l a r  o r b i t ,  s o  
it  i s  a d e q u a t e  t o  d e f i n e  t h e  o r b i t  i n  terms o f  

H = t h e  h e i g h t  above t h e  e a r t h ' s  s u r f a c e  
i = t h e  o r b i t a l  i n c l i n a t i o n  
w = t h e  a n g l e  from t h e  f i r s t  p o i n t  o f  Aries t o  

a s c e n d i n g  node. 
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' C O S  $ cos  e 0 0 

0 - s i n  i cos i 

- 2 -  

cos  R s i n  R 0 cos  a cos  6 

The p r imary  e f f e c t  o f  an  e c c e n t r i c  o r b i t  i s  t h a t  H i s  a f u n c t i o n  
o f  t i m e ,  s o  t ha t  t h e  a p p a r e n t  s i z e  o f  t h e  e a r t h  v a r i e s  t h rough-  
ou t  t h e  o r b i t .  Thus i f  t h e  H u sed  here  i s  t a k e n  as t h e  minimum 
( p e r i g e e )  o f  t h e  e l l i p t i c a l  o r b i t ,  t h e  r e s u l t i n g  o c c u l t a t i o n  
w i l l  be  e q u a l  t o  or l e s s  t h a n  t h a t  c a l c u l a t e d  here .  

The v i ewing  d i r e c t i o n ,  w i t h  r e s p e c t  t o  t h e  o r b i t ,  
i s  g i v e n  b y  ( + , e )  where 

Q = t h e  a n g l e  from t h e  a s c e n d i n g  node t o  t h e  v iewing  
d i r e c t i o n  (Oo t o  3 6 0 " )  

0 = t h e  a n g l e  from t h e  o r b i t a l  p l a n e  t o  t h e  v iewing  
d i r e c t i o n  ( -90"  t o  + g o o )  

The c o o r d i n a t e s  ( $ , e >  are  r e l a t ed  t o  t h e  a s t r o n o m i c a l  
c o o r d i n a t e s  r i g h t  a s c e n s i o n  and d e c l i n a t i o n  ( a ,  6 > t h rough  t h e  
s t a n d a r d  m a t r i x  t r a n s f o r m a t i o n  

which i s  expanded t o  

cos  4 cos e = cos  R cos  a cos 6 t s i n  R s i n  a c o s  6 

s i n  4 cos  0 =-cos i s i n  R cos a cos  6 

1 

(2) + cos  i cos  R s i n  a cos  6 t s i n  i s i n  6 

s i n  8 = s i n  i s i n  R cos a cos  6 

- s i n  i cos  Q s i n  a cos  6 t c o s  i s i n  6 

I f  w e  d e f i n e  t h e  a n g l e  + as t h e  a n g l e  between t h e  
t a n g e n t  t o  t h e  o r b i t  and t h e  t a n g e n t  t o  t h e  "edge" o f  t h e  e a r t h ,  
t h e n  t he  e a r t h  can be said t o  f i l l  t h e  s k y  by a p l a n e  a n g l e  of 
180° - 214. 
any s ta rs  i n  t h e  cone w i t h  ha l f - apex-ang le  + are  u n o c c u l t e d  b y  
t h e  ear th  d u r i n g  t h e  o r b i t a l  r o t a t i o n  o f  t h e  s a t e l l i t e .  
v i ewing  i s  u n o b s t r u c t e d  by t h e  e a r t h  as l o n g  as ) e ) > ,  g o o - + .  
T h i s  i s  i l l u s t r a t e d  i n  F igu re  1 where w e  see  t h a t  

I f  w e  l o o k  i n  a d i r e c t i o n  normal  t o  t h e  o r b i t a l  p l a n e ,  

T h a t  i s ,  

R+h cos  J, = - R t H  ( 3 )  
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where R = e a r t h  r a d i u s  

h = he igh t  o f  a tmosphere t o  p o i n t  where i t  i s  n o  l o n g e r  
d e t r i m e n t a l  t o  a s t r o n o m i c a l  o b s e r v a t i o n s  t a n g e n t  
t o  t h a t  h e i g h t .  (Assumed h e r e a f t e r  t o  be  100km).  

The a b s o r p t i o n  and s c a t t e r i n g  produced  by t he  e a r t h ' s  
a tmosphere  i n c r e a s e s  t h e  e f f e c t i v e  r a d i u s  of  t h e  ea r th  as an 
o c c u l t e r ,  and  t h e  a c c e p t a b l e  e f f e c t i v e  r a d i u s  depends upon t h e  
background a c c e p t a b l e  f o r  t he  o b s e r v a t i o n s  t o  be  per formed.  I n  
t h i s  p a p e r  a v a l u e  o f  l O O k m  has been  assumed f o r  h .  S c a t t e r i n g  
of s u n l i g h t  i s  t h e  predominant  p rob lem,  and p r e l i m i n a r y  c a l c u -  
l a t i o n s  i n d i c a t e  t h a t  v i ewing  t a n g e n t  t o  l O O k m  t h e  s c a t t e r e d  sun- 
l i g h t  is abou t  13-14 magni tude /arc  s e c  . O b s e r v a t i o n s  o f  
e x t r e m e l y  f a i n t  o b j e c t s  would r e q u i r e  a la rger  v a l u e  f o r  h .  The 
background would b e  e q u a l  t o  t h e  z o d i a c a l  background l e v e l  ( n e a r  
110' from t h e  s u n )  if h were i n c r e a s e d  from 1 0 0  t o  250km. A t  
H=450km t h i s  would r educe  t h e  u n o c c u l t e d  cone by  4'; i . e .  t h e  
h a l f  a n g l e  of  t h i s  cone would b e  r educed  from 1 8 O  t o  1 4 O .  

2 

If t h e  t e l e s c o p e  were a t  h e i g h t  h ,  t h e n  f o r  e x a c t l y  
1 / 2  t h e  o r b i t a l  p e r i o d  each  p o i n t  i n  t h e  s k y  would b e  o b s e r v a b l e ,  
r e g a r d l e s s  o f  d i r e c t i o n  (except t h a t  t h e  o r b i t a l  p o l e s  r e p r e s e n t  
s i n g u l a r  p o i n t s ) .  That  i s ,  as  t h e  t e l e s c o p e  moved t h r o u g h  a n  

. o r b i t a l  l o n g i t u d e  of IT r a d i a n s  i t  c o u l d  look  i n  any g i v e n  d i r e c t -  
i o n  w i t h o u t  o c c u l t a t i o n .  When t h e  o r b i t  i s  a t  a h e i g h t  greater  
t h a n  h ,  t h e n  t h e  t e l e s c o p e  may move t h r o u g h  an  a n g l e  2y  r a d i a n s  
i n  a d d i t i o n  t o  IT r a d i a n s .  F i g u r e  2 shows t h e  r e l a t i o n s h i p  
between t h e  o r b i t a l  h e i g h t ,  t h e  v i ewing  a n g l e  8 ,  and t h e  a n g l e  y .  
I n  terms o f  a n g l e  J I ,  as d e f i n e d  above ,  

( 4 )  cos  y = cos  J, cos [sin- '  ( t a n  J, t a n  811, 

IT IT f o r  1 8 1  c -+. If 1 8 1  > -$, t h e n  t h e  e a r t h  does  n o t  o c c u l t  
a t  a l l ,  and  we may t h i n k  of y as i n f i n i t e  ( e x c e p t  as a f f e c t e d  
b y  t h e  p r e c e s s i o n  o f  t h e  n o d e s ) .  

The t o t a l  time t h e  t e l e s c o p e  may p o i n t  i n  any g i v e n  
d i r e c t i o n  w i t h o u t  o c c u l t a t i o n  is J u s t  

' I = -  27  (IT + 2 v )  ( 5 )  

where P i s  t h e  o r b i t a l  p e r i o d .  F i g u r e  3 shows 'I as a f u n c t i o n  
o f  v i ewing  a n g l e  e f o r  s e v e r a l  r e p r e s e n t a t i v e  low e a r t h  o r b i t s .  
We see t h a t  t h e  v iewing  time T i n c r e a s e s  s t e a d i l y  as 9 i n c r e a s e s ,  
and r i ses  s h a r p l y  as e approaches  t h e  o r b i t a l  p o l e s .  Low a l t i t u d e  
o r b i t s  are  of p r imary  c o n s i d e r a t i o n  because  o f  l o g i s t i c s  and 
r a d i a t i o n  p rob lems .  I n  a synchronous o r b i t ,  t h e  a n g u l a r  r a d i u s  
o f  t h e  e a r t h  is on ly  8?8 ,  t h e  s h o r t e s t  o b s e r v i n g  time i n  any 
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d i r e c t i o n  i s  2 2 . 8  h o u r s ,  and 92 .5% o f  t h e  c e l e s t i a l  s p h e r e  i s  
v i s i b l e  wi thou t  o c c u l t a t i o n  by t h e  e a r t h  d u r i n g  each 2 4  hour  
p e r i o d .  

F i g u r e  4 shows t h e  c e l e s t i a l  s p h e r e  as i t  would 
a p p e a r  from any o r b i t  w i t h  w = O 0  ( t h e  a s c e n d i n g  node o r i e n t e d  
toward  t h e  v e r n a l  equ inox)  and i = 2 8 ? 5  ( i n c l i n a t i o n  28?5 i s  
p l a n n e d  f o r  t h e  Apol lo  m i s s i o n s . )  I n  t h i s  F i g u r e  w e  see 1) 
t h e  s i z e  o f  t h e  E a r t h  as seen  from synchronous  o r b i t  ( 3 5 , 8 0 0  
km) ,  2 )  t h e  s i z e  Jf t h e  E a r t h  as s e e n  from an  o r b i t a l  h e i g h t  
of 450km, and 3 )  c o n t o u r s  of e q u a l  8 ( i . e .  e q u a l  v i ewing  t i m e  
p e r  o r b i t  as shown i n  F i g u r e  3 ) .  F i g u r e  5 shows e q u a l  e 
c o n t o u r s  f o r  w=o0 and i = 6 O o .  A s  i d e c r e a s e s ,  t h e  o r b i t a l  p o l e s  
approach  t h e  c e l e s t i a l  p o l e s .  A t  i = O ,  ( e q u a t o r i a l  o r b i t )  t h e  
e q u a l - e  c o n t o u r s  c o r r e s p o n d  t o  d e c l i n a t i o n  c o n t o u r s ,  ( t h e  
n e a r l y  h o r i z o n t a l  c o n t o u r s  i n  F i g u r e s  4 and 5 ) .  A s  s l  d e c r e a s e s ,  
t h e  o r b i t a l  p o l e s  and equal-8 c o n t o u r s  move h o r i z o n t a l l y  to t h e  
l e f t  i n  F i g u r e s  4 and 5.  A computer program i s  a v a i l a b l e  t o  
i n v e s t i g a t e  any v a l u e s  of h ,  H ,  i and R. 

Because o f  t h e  o b l a t e n e s s  o f  t h e  ea r th ,  t h e  o r b i t  o f  
an ear th  s a t e l l i t e  i s  n o t  f i x e d  i n  s p a c e ,  b u t  t h e  a p s i d a l  and 
n o d a l  l i n e s  p r e c e s s .  For t h e  assumed c i r c u l a r  o r b i t ,  t h e  l i n e  
o f  nodes  r e g r e s s e s  ( p r e c e s s e s  o p p o s i t e  t o  t h e  d i r e c t i o n  o f  
o r b i t a l  mo t ion )  a t  t h e  r a t e  

li c o s  i Q = - - J  3 R2 
( R + H ) ~  

where 

3 2 
2 (1- - s i n  i )]  =no R2 r i  = n [1+1 J - 

0 ( R t H ) 2  
( 7 )  

and J2  i s  t h e  2nd harmonic c o e f f i c i e n t  o f  a F o u r i e r  expans ion  
o f  t h e  g r a v i t a t i o n a l  p o t e n t i a l  o f  t h e  ea r th  (1 .083  x 
n i s  t h e  mean d a i l y  motion (27r/P) .  

0 

The v a r i a t i o n  of as a f u n c t i o n  o f  i f o r  v a r i o u s  
v a l u e s  o f  H i s  shown i n  F igu re  6 ,  where h i s  e x p r e s s e d  i n  a rcmin/  
min. The p e r i o d  o f  t h e  r e g r e s s i o n  i s  a l s o  i n d i c a t e d .  

A s  t h e  node r e g r e s s e s ,  t h e  8 c o n t o u r s  shown i n  
F i g u r e s  4 and 5 move t o  t h e  l e f t .  I n  F i g u r e  7 i s  shown t h e  
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swaths of t h e  c e l e s t i a l  sphere  swept o u t  by t h e  u n o c c u l t e d  
c i r c l e s  i n  one r e g r e s s i o n  p e r i o d  (52  d a y s )  f o r  o r b i t a l  a l t i t u d e  
450km and i n c l i n a t i o n  28?5 .  
swaths  w i l l  be  o b s e r v a b l e  c o n t i n u o u s l y  o v e r  s e v e r a l  o r b i t a l  
p e r i o d s ,  and f o r  some pa rame te r s  t h e  t ime  w i l l  b e  s e v e r a l  d a y s .  

The v iewing  t i m e  T f o r  o b j e c t s  w i t h  1 0 1  > 7 - $ i s  

Any c e l e s t i a l  o b j e c t  w i t h i n  t h e s e  

TT 

-1 cos J, - cos  i s i n  6 )  T = -  
C O S  ( s i n  i c o s  6 I iI 

F o r  a s t a r  a t  t h e  d e c l i n a t i o n  o f  t h e  p o l e  o f  t h e  o r b i t ,  T 
i s  about  266hours .  Obviously c e l e s t i a l  o b j e c t s  a t  t h e  o r b i t a l  
p o l e  can b e  viewed t h e  l o n g e s t ,  s o  t h e  "most a v a i l a b l e "  
d e c l i n a t i o n  zones  are * 6 = 2 -i. 

and o b s e r v i n g  program t o  accompl ish  t h e  best  as t ronomy u n d e r  
t h e  c o n s t r a i n t s  imposed by r a d i a t i o n  and by t h e  l a u n c h  v e h i c l e .  
It i s  assumed t h a t  t h e  launch da te  and t i m e  would b e  chosen t o  
p l a c e  t h e  sun and t h e  a s c e n d i n g  node i n  t h e  most d e s i r a b l e  
i n i t i a l  p o s i t i o n .  The node r e g r e s s e s  at  abou t  7' p e r  d a y ,  ( a t  
28?5;  450km) and t h e  sun  advances 1' p e r  day ,  s o  t h e  sun  moves 
p a s t  t h e  o r b i t a l  p o l a r  r e g i o n s  a t  t h e  r a t e  o f  about  8" p e r  d a y .  
I n  t h e  w o r s t  c a s e  ( i  3 90" - 2 3  1/2') t h e  o r b i t a l  p o l e  moves 
t h r o u g h  t h e  area o f  t h e  s k y  n e a r  t h e  sun  ( d e t e r m i n e d  by  t h e  
b a f f l i n g  d e s i g n  o f  t h e  t e l e s c o p e  and p r o b a b l y  =40°  i n  d i a m e t e r )  
i n  f i v e  days .  Thus, t h i s  i s  r o u g h l y  t h e  p e r i o d  o f  i n a c c e s s i b i l i t y  
f o r  one u n o c c u l t e d  p o l e .  During t h i s  t i m e ,  however,  t h e  o p p o s i t e  
p o l e  i s  a c c e s s i b l e .  I f  t h e  o b j e c t  o f  i n t e r e s t  were t h e  sun i t s e l f ,  
t h e n  t h e  most des i r ab le  o r b i t  would be i n c l i n e d  a t  an  a n g l e  
g r e a t e r  t h a n  90' - 23?5.  I n  f a c t  t h e  o r b i t  can  be t a i l o r e d  t o  be 

7I 

The problem, t h e n ,  i s  t o  d e t e r m i n e  t h e  o p t i m a l  o r b i t  

sun-synchronous.  'I 
I 1  

For o b s e r v a t i o n s  not  o f  t h e  s u n ,  t h e  o b s e r v i n g  program 
i s  b e s t  " d e c l i n a t i o n - o r i e n t e d .  That i s ,  t h e  o r b i t a l  i n c l i n a t i o n  
i s  chosen s o  t h a t  t h e  u n o c c u l t e d  b e l t  i s  a t  t h e  d e c l i n a t i o n  of 
i n t e r e s t ,  and t h e  o b j e c t s  t o  be obse rved  l i e  i n  t h a t  b e l t .  
Obvious ly ,  one o r b i t a l  i n c l i n a t i o n  cannot  a l l o w  e x t e n d e d  obse rv -  
a t i o n s  o v e r  t h e  whole c e l e s t i a l  sphere .  F i g u r e  8 i s  i n t e n d e d  
t o  show j u s t  a f e w  o b j e c t s  o f  p o s s i b l e  i n t e r e s t ,  such  as nea rby  
g a l a x i e s  and s t a r  c l u s t e r s  and a s s o c i a t i o n s .  G e n e r a l l y ,  s ta rs  
and n e b u l a e  of i n t e r e s t  a r e  n e a r  t h e  g a l a c t i c  p l a n e ;  g a i a x i e s  
are f a r  from t h e  g a l a c t i c  p l a n e .  It would be d i f f i c u l t ,  i f  n o t  
i m p o s s i b l e  , t o  d e v i s e  a comprehensive u n o c c u l t e d  o b s e r v i n g  
program a t  one d e c l i n a t i o n .  However, a number o f  i n t e r e s t i n g  
c e l e s t i a l  o b j e c t s  do  l i e  between 6=-43' and 6=-80°, which i s  t h e  
s o u t h  p o l a r  b e l t  of t h e  Apollo o r b i t .  
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To a l l o w  l o n g  term ( u n o c c u l t e d )  o b s e r v a t i o n s  of  
a l l  t h e  c e l e s t i a l  s p h e r e  , several  o r b i t i n g  o b s e r v a t o r i e s  
are r e q u i r e d  a t  v a r i o u s  o r b i t a l  i n c l i n a t i o n s  between about  
15" and 7 5 O .  A s  a s p e c i f i c  example,  s i n c e  a 450km o r b i t  
has a p o l a r  b e l t  about  3 6 O  wide,  t h e n  two o r b i t s  o f  i = 7 2 O  
and i = 3 6 O  would c o v e r  a l l  but  t o  w i t h i n  '18O o f  t h e  
c e l e s t i a l  p o l e s .  Three o r b i t s  a t  i = 7 5 O ,  i = 4 5 O  and i = 1 5 O  
would c o v e r  t h e  e n t i r e  c e l e s t i a l  s p h e r e .  

N a t u r a l l y  t h e  e n t i r e  c e l e s t i a l  s p h e r e  can  be 
c o v e r e d  from any o r b i t  i f  we do n o t  mind o c c u l t a t i o n  by t h e  
e a r t h  once e v e r y  r e v o l u t i o n .  An o r b i t  n e a r  90" i n c l i n a t i o n  
i s  o f  l i m i t e d  use  because  i t  p r e c e s s e s  v e r y  s l o w l y .  An o r b i t  
n e a r  O o  i n c l i n a t i o n  i s  u n d e s i r a b l e  because  as i t  p r e c e s s e s  
t h e  o r b i t a l  p o l e s  h a r d l y  move. 

CONCLUSIONS 

E a r t h  o c c u l t a t i o n  i n  a low o r b i t  ( i n  e x c e s s  o f  a 
few hundred  km) s h o u l d  p r e s e n t  no  a p p r e c i a b l e  hand icap  t o  
o b s e r v i n g .  A f a m i l y  o f  t h r e e  or more o r b i t i n g  o b s e r v a t o r i e s  
can  c o v e r  t h e  e n t i r e  c e l e s t i a l  sphere such  t h a t  sometime 
w i t h i n  one n o d a l  p e r i o d  o f  about two months,  any c e l e s t i a l  
o b j e c t  i s  o b s e r v a b l e  c o n t i n u o u s l y  f o r  t e n s  o f  h o u r s .  Data 
r e d u c e d  a f t e r  one p a s s  c o u l d  d i c t a t e  t h e  o b s e r v a t i o n s  t o  be 
made on t h e  n e x t  pass.  I n  e f f e c t ,  t h e  c e l e s t i a l  "year" i s  
a b o u t  two months l o n g ,  and each " n i g h t "  i s  about  t e n  days 
long. 

Unoccul ted  o b s e r v i n g  programs must be  d e s i g n e d  i n  
d e c l i n a t i o n  b e l t s ,  and most c e r t a i n l y  cannot  be c l a s s i f i e d  
as t o  t y p e  o f  o b j e c t  t o  obse rve .  G a l a x i e s ,  g a l a c t i c  cap  
s t a r s  and q u a s a r s  might  b e  observed f o r  one node o r i e n t a t i o n ,  
and a week or s o  l a t e r  g a l a c t i c  c l u s t e r s ,  e m i s s i o n  n e b u l a e  
and T - a s s o c i a t i o n s  would be  obse rved ,  as t h e  o r b i t a l  p o l e  
c r o s s e d  t h e  g a l a c t i c  p l a n e .  

i 
e 

S 
X 

I n  p a r t i c u l a r  i f a  low ene rgy  o r b i t  ( 2 8 0 5 ;  450km) 
t h e  on ly  one a v a i l a b l e ,  i t  o f f e r s  t h e  o p p o r t u n i t y  t o  make 

t e n s i v e  o b s e r v a t i o n s  o f  t h e  M a g e l l a n i c  c l o u d s ,  t h e  two 
n e a r e s t  g l o b u l a r  c l u s t e r s ,  and i n t e r e s t i n g  s t a r  a s s o c i a t i o n s  
and n e b u l a e  i n  t h e  c o n s t e l l a t i o n s  S c o r p i o ,  Cen tau rus  , and 
Monoceros , w i t h o u t  conce rn  f o r  ea r th  o c c u l t a t i o n  e v e r y  47 
m i n u t e s .  

1015-DBW-mat D. B .  Wood 
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F i g u r e s  1-8 



FIGURE 1 - DERIVATION OF ANGLE FROM ORBITAL TANGENT TO ATMOSPHERIC EDGE 



* 

FIGURE 2 - DERIVATION OF OBSERVATION TIME AS A FUNCTION OF LOOK ANGLE 
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